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Introduction

*
The phenomenon of globalisation, the development of the Internet and social media, and the intensity of international trade and travel have reached unprecedented levels lately reinforcing the probability of manifestation of well-known threats world-wide. Global risks have also taken on new forms and assumed ever greater significance. 1 The types of risk are innumerable, both natural and man-made, as they correspond to the countless things nowadays that have the potential to do harm, cause damage or bring about economic loss. Potential dangers range from threats to human health and the environment (e.g. climate change effects, natural disasters, the use of biotechnology in agro-food sector or ethically controversial technological developments) through spectacular financial crises and transport catastrophes to criminal offences as international terrorism, bio-terrorism, the use of weapons of mass destruction, Internet paedophilia or human trafficking to name a few. 2 Some of the risks have been controlled through domestic, regional and international governance regimes including products safety, public health and environmental regulations, security laws or, especially recently, banking and financial regimes. Yet, the core difficulty faced by legislators and implementers rests with a concept of risk itself which is inherently impossible to 'regulate' in its entirety. First, 'risk' is the estimation of the likelihood of the occurrence of an undesirable state of reality (adverse effect, danger, hazard) which takes account of external causes that may be imputed to nature or human activity. 3 In order to become 'regulated', risk requires specific provisions, both procedural and substantive, to capture its nature of actually being a measure of that potential's likelihood and extent (specified in terms of time, intensity, or amount). Second, regulatory instruments of risk calculation/ measurement must rely either on technological achievements or expertise what implies regulation of scientific evidence, conditions of knowledge and uncertainty, scientific uncertainty and the constantly changing technical environment. Under these complex circumstances, public administration is required to ensure the well-being of their citizens through the performance of diverse approaches and strategies based on regulatory impact assessment, cost-benefit analyses, risk assessment, and risk management decisions. 4 Moreover, the extent of regulation vary across the fields, the executive power is acknowledged a different degree of discretion to protect from risks, and boundaries of regulation are often prescribed by diverging analyses and perceptions of risks worldwide, e.g. in case of security or biotechnology laws. 5 Adjudicating on cases underpinned by risk and potential dangers to human and animal health and the environment is an equally demanding task as issuing risk-based regulations or taking risk * Earlier versions of this paper were presented at the workshops at the University of Seville in 2012 and at the Lund University in 2013 (COST Action IS1003). Many thanks to Wouter Werner, Łukasz Gruszczyński and other participants for their feedback. Thanks are also due to Bruno de Witte and Petros Mavroidis for their helpful comments. Remaining errors are mine. A part of this paper will be published in: Łukasz Gruszczyński management decisions. This is so because resolving disputes which require the assessment of scientific evidence and risk analysis put courts at particular risk of making inadequate decisions with consequences for the health and environmental interests. The need to deal with global risks has already become reflected in the outcomes of case-law and in judicial reasoning in different jurisdictions at both national and international governance level. These decisions have been extensively analysed in the literature. 6 The authors have been increasingly exploring roles, behaviours and 'thinking' of courts under the conditions of risk, new governance, regulatory reforms and globalisation more generally. 7 Taking into account this considerable amount of the scholarship, this paper examines judicial reasoning in risk regulation cases from the perspective of the standard of review. 8 It takes a doctrinalpositivist approach and uses the decisions of the Court of Justice of the European Union (later 'CJEU') rendered in the face of some of risks to health and the environmental safety as a case-study. The standard of review applied by EU Courts in these complex cases has important effects on the Member States powers, the functioning of the internal market and the construction of the EU policies in the area of human and animal health and the protection of the environment, but also globally, because some protective measures within the EU can be claimed as incompatible with the WTO framework. 9 There have been several trends which can be identified in the case-law of the CJEU in this field from the standard of review perspective. That is, there was an established tradition of a deferential standard of review applied by EU Courts in risk cases involving scientific complexity (although somewhat less deferential towards the Member States than to the EU bodies). 10 This approach has been changing gradually over time, and especially after 2002 when the famous judgments in the Pfizer and Alpharma cases were decided. 11 It is argued that since those decisions EU Courts have increasingly shown willingness to involve themselves in process of weighing the merits of scientific opinions and assessing their quality and validity. The sign of a change in comparison to the earlier judgments has been the Court increasingly extending the scope of judicial review to embrace questions relating to the factual basis of scientific evidence, risks and methodologies for their assessment. The change has been equally visible in cases on national measures and EU decisions. The expanded scope of review has necessarily modified the CJEU's standard of review which has become less deferential generally.
13 I have already argued elsewhere that EU Courts appear to be less willing to acknowledge a broad discretion of national authorities when they invoke protective measures based on risk and precaution, than to EU institutions when they perform risk management duties.
14 However, in order to present the new tendency in the applicable standard of review this paper extracts the principles, terms and conditions that EU Courts apply without strictly differentiating between judgments reviewing Member States and EU actions. I also treat the CJEU (the Court of Justice and the General Court) as one functional institution. 15 It is justified by the fact that the broadened scope of judicial review, the applicable judicial reasoning and resulting structural implications are fairly similar in both the EU and the Member States risk regulation cases, and it is the actual outcome of judgments which varies depending on whether it is a national regulatory measure or EU-level decision, to the more often advantage of the latter. 16 Accordingly, the scope ratione personae of the analysis in this paper will focus mainly on judgments assessing national derogations from the internal market and will also include judgments on EU-level measures relevant for the allocation of national regulatory powers in risk regulation cases. That is, the specificity of the EU constitutional structure and procedural provisions often imply that judicial review of decisions of the EU administration involves deciding either directly or indirectly on national powers. 17 The scope ratione materiae of the analysis includes the case-law of the CJEU regarding product safety and environmental regulations adopted to avoid transnational risks on the EU internal market (e.g. the use of food and feed, pharmaceuticals, pesticides, GMOs, effects of radioactive substances, etc.). The study is based on a non-exhaustive list of the case-law and on a rational choice of judgments where EU Courts were faced with complex political, scientific and factual questions.
The paper proceeds in the following parts. First, the theoretical frames which provide for the conceptualisation of problematique are presented. Second, I describe the complexities of the normative context. Third, the nuances and implications of CJEU's standard of review towards public authorities is analysed. Finally, determining the relevant standard of review assists in formulating some insights about a role played by EU courts both internally and at the global level in the reality of 'regime complexes' of transnational risk regulation and fragmentation of international law. Vos. 19 In the traditional and established risks (e.g. drinking alcohol and becoming addicted) detrimental effects of a particular activity is certain, and uncertainty relates to the likelihoods of the occurrence which can be calculated by means of statistics on frequencies and impacts (when effect occur, where, by whom, and to what degree). In the second category of 'uncertain risks', uncertainty regards not only likelihoods of the occurrence, but also causal relationships, types of negative consequences, costs and benefits, scales of threats and risk perception. It is usually impossible to calculate these risks with classical risk assessment methods because the society has limited experience with them. Many of the contemporary risks can be classified as 'uncertain' or 'unknown' risks (e.g. the use of GMOs).
The necessity of public policy-making on risks, but also dealing with a nuanced relationship between risk, scientific expertise and uncertainty often leads to intolerance of uncertainty (van Asselt and Vos). 20 Both public administration and judicature appear to be vulnerable to this phenomenon. 21 In addition, regulating risks brings about two types of knowledge paradoxes. First, a 'paradox of expertise' 22 when scientific experts, who are 'expected' to offer ready-made policy answers, create a state of scientific uncertainty, either because there is a complete lack or insufficiency of specific knowledge, or diverging interpretations of scientific data (risk assessment) or an abundance of competing scientific standpoints. Second, there is also an 'uncertainty paradox' 23 (linked to 'uncertainty intolerance') when administrative and judicial authorities rely extensively on scientific expertise as a definite source of certainty without admittance and investigation of the inherent uncertainty of some risks and through framing of uncertainties as non-scientific factors.
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In this context, the precautionary principle has become one of the guiding principles of public policy and processes of legal reasoning in risk regulation, especially in the European context. 25 The discretion to exercise political risk management (e.g. decision on product withdrawal) can be called ' risk for society and the possibility of adopting protective measures. And the procedural constraints imposed on this discretion, usually through judicial decisions, can be referred to as 'formal precaution' or the proceduralising role of the precautionary principle because powers and duties of public administrations in taking protective measures under conditions of scientific uncertainty are constrained by important procedural guarantees. 27 That is, public authorities are required to take into account the principle of proportionality, are obliged to perform ex ante scientific risk assessment, give reasons for their action (burden of proof), and perform cost-benefit analysis. 28 The conditions of knowledge paradoxes resulting from risk and uncertainty as well as the precautionary principle which provides a normative expression of the phenomena affect the applicable standard of review. It is understood as 'the role of court or tribunal in reviewing decisions taken by another authority', especially by other branches of government (legislative and executive) and a way of 'describing the degree of deference or discretion that the court accords to legislators and regulators'. 29 The challenge here results mainly from a necessity to decide on the enormous intricacy of determinations. That is the factual density of regulatory situations is usually combined with the application of complex normative conditions relating to the competing interest and values (e.g. trade in goods vs. human, consumer, animal and environmental safety). Consequently, courts need to determine the discretion of public authorities and assess their political choices. 30 As a result, deciding on factual determinations must face the knowledge paradoxes, while formulating legal determinations often involve interpretation of open terms and discretionary provisions what altogether implies adjudicating on political determinations.
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Normative Context: Member States' Powers to Derogate from the Internal Market Rules in view of Risk and Scientific Uncertainty
Member States have several legal opportunities to derogate from the EU internal market principles while invoking the reasons of the protection of human and animal health or the environment and often applying the precautionary principle. These are described below together with some examples of their application in the case law.
Article 36 TFEU
In the absence of EU harmonisation, Member States can invoke the protection of health and life of humans, animals or plants to justify the rules which constitute a restriction of trade within the internal market on the basis of Article 36 TFEU. EU Courts accept generally that Member States can legitimately differ in the degree of protection accorded to public health subject to the principle of proportionality which is carefully scrutinised by the CJEU against the factual basis of the national defence. 32 That is why, 'it is for the Member States in the absence of harmonisation and in so far as doubts subsist in the current state of scientific research, to decide at which level they intend to ensure the protection of the health and life of persons' while taking into account the requirements of the free movement of goods within the EU. 33 That discretion 'relating to the protection of public health is particularly wide where it is shown that there is still uncertainty in the current state of scientific research' as to certain products. 34 But again, in order to effectively justify the derogation Member States must also comply with the principle of proportionality. 35 For example, in the well-known Nutrients-saga, the Commission brought Denmark, Holland and France to the Court of Justice for failing to fulfil their Treaty obligations under Article 34 TFEU (free movement of goods) because they introduced special conditions and/or administrative practices for marketing of foods fortified with vitamins and minerals (nutrients) in their national territories, what impeded the free trade of the products. 36 The dispute regarded the alleged differences in risk assessment exercised at national and EU level (scientific uncertainty) regarding the nutritional value of vitamins added to foodstuffs (and the respective amount of these vitamins) and the possible risk arising from their consumption to human health. National authorities invoked the precautionary principle to justify their measures. 
Article 114 TFEU
On the basis of Article 114 TFEU Member States can derogate from the EU measure approximating national laws (regulation, directive). 40 In particular, according to Article 114(4) Member States may maintain divergent national legislation after the adoption of a harmonisation measure, when they deem it necessary on grounds of the major needs referred to in Article 36 TFEU, or relating to the protection of the environment or the working environment. Pursuant to Article 114(5) Member States are empowered to introduce divergent national provisions, but the conditions are more detailed. The justification for national legislation must be based on new scientific evidence relating to the protection of the environment or the working environment on grounds of a problem specific to that Member State and arising after the adoption of a harmonisation measure. 
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Both provisions provide the Commission with the authority to approve or reject national provisions through the process of weighing the protection of environment and public health against the proper functioning of the internal market. It attaches high importance to the scientific evidence presented by the national authorities and its innovation (it must be a new evidence under art. 114 par. 5 when Member States wish to introduce derogating measures after harmonisation was adopted). 42 A decision is later subject to judicial review by the CJEU. Approval of national measures is conditioned on the regulatory instruments not constituting means of arbitrary discrimination or erecting disproportionate (as interpreted by the Court) obstacles to free movement within the internal market.
In one of the cases decided under art. 114 par. 4, the Court agreed on Member Sates' discretion to maintain provisions which were based on the divergent assessment of risks than that exercised at the EU level. The derogation from EU harmonisation of Danish provisions concerning the limitation of use of nitrites and nitrates as additives in foodstuffs were accepted by the Court, which annulled the Commission's decision in this respect. 
Safeguard clauses in secondary law
In the third place, Member States can adopt derogating measures on the basis of the safeguard clauses contained in the European regulations or directives approximating national laws. 44 That is, EU legislation on GMOs, seeds, pesticides, cosmetics, pharmaceuticals, foodstuffs, food additives or other products, usually contains safeguard clauses in order to provide for emergency measures when there is a need of withdrawal from the market of a dangerous product. The specific content of clauses vary, but their central feature rests on the premise that national authorities must have the possibility to differentiate from the EU provisions when they realise that a product concerned poses risk to safety. National measures are usually subject to the Member States' and/or the Commission's acceptance via the national committees (old comitology) structure, and can be later reviewed by the CJEU.
For example, in the Monsanto case Italian competent authority invoked a safeguard clause from the Novel Food Regulation with the aim of blocking genetically modified novel foodstuffs on the Italian market because of the alleged potential risks of genetically modified products. 45 Interestingly, it was the first case in which the Court invoked directly the precautionary principle regarding Member States' powers to adopt a provisional prohibition on the marketing of GMO-derived novel foods. 46 The Court held that the safeguard clause gives specific expression to the principle which must, where relevant, constitute an 'integral part of the decision-making processes leading to the adoption of any measure for the protection of human health'. 47 As Joanne Scott rightly observes, the Court by this statement declared, albeit implicitly, that the principle can be seen as imposing positive obligations on Member States to integrate precaution into their decision-making processes while invoking safeguard clauses.
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The precautionary principle
In this context, it is important to recollect briefly, that most of the cases where Member States adopt measures restricting the functioning of the internal market on the grounds of human health and the safety of the environment concern the application and interpretation of the precautionary principle. Although some complain that the content of the precautionary principle is not entirely settled in the EU legal order, 49 it nevertheless constitutes one of the EU law principles. 50 In
view of the General Court, it 'is a general principle of European Union law (…) requiring the authorities in question, in the particular context of the exercise of the powers conferred on them by the relevant rules, to take appropriate measures to prevent specific potential risks to public health, safety and the environment, by giving precedence to the requirements related to the protection of those interests over economic interests.' 51 In addition, '(…) where there is scientific uncertainty as to the existence or extent of risks to human health, the precautionary principle allows the institutions to take protective measures without having to wait until the reality and seriousness of those risks become fully apparent (…) or until the adverse health effects materialise.'
52 Consequently, the scientific uncertainty regarding risk affects the scope of Member States' discretion to take protective measures.
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Standard of Review: Limited Power of EU Courts or de facto Less Deference Accorded to Authorities?
Let us now turn to the analysis of the intensity of EU Courts' review in risk regulation cases while bearing in mind that the applicable judicial reasoning is fairly similar for both the EU and the Member States measures, but the actual outcomes of judgments are more often affirmative to EU-level decisions. Still, it appears from the reading of the case-law that it is possible and justified to frame common conditions regarding the scope and standard of applicable judicial review in these type of cases. Their common feature is the need to protect human health or the environment often in the light of inconclusive scientific evidence and on the basis of the precautionary principle.
Review of Powers Exercised by Administrative Authorities
It follows from the construction of the EU legal framework and its interpretation by EU Courts, that in cases of the human and animal health or environmental policy, it is the public institutions (national administrative authorities or the EU Commission) who 'must carry out complex assessments' and 'complex technical evaluations' of knotty scientific and factual problems. Consequently, they enjoy a 'broad discretion' in defining policy objectives and making political choices about the required level of protection and the 'appropriate means of action' necessary to fulfil these objectives (decision on the level of risk and the level of protection that is deemed appropriate). 54 When it comes to judicial review, the below logic of reasoning can be extracted from the judgments.
First, according to the Court, complexity of technical and scientific determinations and of the acceptable level of risk imply that the judicial review limited. 55 In
the EU context it is observed: 'That broad discretion and those complex assessments imply a limited power of review on the part of the Courts of the European Union. That discretion and those assessments have the effect that review by the Courts as to the substance is limited to verifying whether the exercise by the institutions of their powers is vitiated by a manifest error of appraisal, whether there has been a misuse of powers, or whether the institutions have manifestly exceeded the limits of their discretion.'
56 Second, the CJEU does not substitute institutions in their assessing of the complexity of facts. It is explained that in order to establish that that institution committed a manifest error in assessing complex facts (…), the evidence adduced by the applicant must be sufficient to make the factual 51 See e.g. joined cases T-74/00, T-76/00, T-83/00 to T-85/00, T-132/00, T-137/00 and T-141/00 Artegodan and Others v 
assessments used in the act implausible.(…) Subject to that review of plausibility, it is not the Court's role to substitute its assessment of complex facts for that made by the institution which adopted the decision(…)'.
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Third, the CJEU exercises the review of plausibility of evidence and emphasises that the above limits do not affect its duty to 'establish whether the evidence relied on is factually accurate, reliable and consistent but also whether that evidence contains all the information which must be taken into account in order to assess a complex situation and whether it is capable of substantiating the conclusions drawn from it'.
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In addition, it is of 'fundamental importance' that the EU Courts also examine "the observance of guarantees conferred by the European Union legal order in administrative procedures ' The cited passages tell us an interesting story about the steps and content of the Court's reasoning. Formally, in cases where authorities enjoy broad discretion (powers) with regard to the realisation of a given policy and must make complex assessments, EU Courts pursue a limited review of the exercise of these powers. It is limited to the verification by the judicature if the exercise of powers was not affected by a manifest error of assessment (appraisal), if there was no misuse of powers and/ or if the institutional discretion was not manifestly exceeded (i). 61 The establishment of manifest error in assessment of complex facts in a given case means that the Court does not substitute its assessment for the institutional assessment of complex facts, either technical or scientific facts, but it does review the plausibility of factual evidence submitted regarding the factual assessments (ii). The plausibility review of evidence is pursued in view of assessing whether it substantiates conclusions drawn from it, whether it 'contains all the information which must be taken into account in order to assess a complex situation' and whether it is 'factually accurate, reliable and consistent'. 62 In consequence, the formally limited scope of judicial review does not preclude, and moreover, it requires, a de facto substantive, and detailed evaluation of the submitted evidence ('their duty to establish'). Next, the EU Courts ensure and review the observance of procedural guarantees by public authorities (iii) in view of their claimed wide discretion in risk regulation cases, where they exercise risk management and apply the precautionary principle. 63 The guarantees include the obligation to examine 'carefully and impartially' of each individual case, to perform ex ante scientific risk assessment, give reasons for their action (burden of proof), and perform cost-benefit analysis as well as the application of the principle of proportionality. 64 Finally, the review of the exercise of national discretion inevitably includes the evaluation that the measures do not constitute means of arbitrary discrimination (iv).
To sum up, the EU Courts apply a logic of reasoning which aims to combine formally a broad scope of the institutional discretion with a limited scope of judicial review of administrative powers. Interestingly, however, it appears that this same logic leads to the extension of the applicable scope of review and the resulting less deferential review as originally intended. The de facto more restrictive approach to the standard of review is based on two tools: review of procedural guarantees and review of plausibility of evidence submitted. Moreover, the EU Courts combine the two tools (review of procedural guarantees and review of plausibility of evidence) by declaring that scientific risk assessment, which is usually a main content of evidence, is a crucial procedural guarantee and by acknowledging the proceduralising role of the precautionary principle. 65 
Review of Procedural Guarantees
It is now necessary to turn to the content of the procedural guarantees and their requirements as formulated by the CJEU because they constitute a yardstick against which the judicial review is carried on. Within this framework, the conditions for scientific risk assessment, scientific evidence, and the application of the precautionary principle which is directly linked to scientific uncertainty are of paramount significance.
The approach to risk and scientific risk assessment
CJEU defines that 'A scientific risk assessment is a scientific process which is commonly accepted as consisting, in so far as possible, in the identification and characterisation of a hazard, the assessment of exposure to the hazard and the characterisation of the risk. In such a situation, 'risk' thus constitutes the degree of probability that the acceptance of certain measures or practices will adversely affect the interests safeguarded by the legal order. 'Hazard' is commonly used in a broader sense and describes any product or procedure capable of having an adverse effect on human health.'
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It is thus clear that the Court differentiates between a process of risk assessment, for which certain procedural conditions are envisaged in the case-law, and a notion of risk, which is characterised in descriptive terms with references to some substantive criteria to be fulfilled.
The analysis of the relevant judgments reveal the following aspects outlining the approach of EU Courts to risk, risk assessment process and scientific uncertainty in cases where measures to protect public health or the environment are taken.
a) EU Courts approach to risk:
3. the reality and the extend of risk need not to be 'fully demonstrated' or 'fully apparent', but its existence is backed up by the scientific data available when the measure is taken 'since zero risk does not exist in practice'.
b) Risk assessment process:
According to the CJEU, the risk assessment process should also fulfil several conditions. 
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The above citations explain that the Court differentiates between two 'extremes' on a risk continuum: 'real risk', the likelihood of which justifies protection (subject to the proportionality test), and 'hypothetical' or 'zero' risk, that in fact does not exist in practice. The scientific uncertainty lives somewhere in between the two extremes, especially when risk assessment process is not able to provide a definite conclusion because the evidence is insufficient, inconclusive or incomplete. The result, or rather difficulty, is that in such situation the precautionary principle can or even must be applied, but the application of precaution nevertheless requires that the 'likelihood of real harm persists'.
73
Both requirements for the scientifically backed real risk and for the risk assessment process mean a high standard for the burden of proof and scientific evidence for the relevant EU authorities/ Member States. The Court explains that 'risk' corresponds to the degree of probability which seems to refer to quantifiable numbers (statistical probability; while the term of plausibility is reserved to the evaluation of evidence). It implies a rather restrictive judicial review with a great reliance on science as a source of all-answers knowledge in risk regulation.
It follows from the reading of the case-law and analysing the CJEU's approach to risk, that there is some kind of reluctance of the EU Courts to recognise fully the possibility of scientific uncertainty regarding the existence or extent of risk. This conclusion is reinforced by the requirement of the persistence of the 'likelihood of real harm' for the application of precaution. It can even be called a certain degree of inconsistence of the Court's reasoning. Is the Court equating scientific uncertainty with the quantifiable likelihood of real risk or real harm? Is it the Court constructing a judicial understanding of scientific uncertainty and risk or is the Court in fact intolerant to uncertainty? Janssen and van Asselt argue in this context that EU Courts lack 'a clear vision of how to rule on uncertainty and precaution'. 74 It is too early to provide definite answers to these questions, but it would be desirable if the CJEU addressed the relation of risk, precaution, scientific evidence and uncertainty more uniformly in its rulings to clarify its position.
It is now appropriate to see what requirements the EU Courts foresee for the scientific evidence.
Scientific evidence
According to the CJEU, the assessment of scientific issues and risk assessment should be 'entrusted by the institution to scientific experts' who are able to give their opinion in an 'independent, objective and transparent manner' and scientific advice must be 'founded on the principles of excellence, transparency and independence'. 75 If scientific opinion is procedurally vitiated (e.g. not provided in an independent manner), their (un)lawfulness will also affect the subsequent decision of the authorities. 76 Further, the scientific evidence that supports protective measures needs to reflect the current state of art and be of the highest available quality at the time of preventive measures. It means that it contains the most recent available information and 'the results of international scientific research'. 77 To this end, and to establish the state of scientific knowledge, CJEU often refers extensively to the opinions of EU agencies, e.g. European Food Safety Authority, but also to standards external to the EU legal system, that is manuals, guidelines or opinions of international standards bodies and international organizations, for example, UN bodies as FAO, WHO or Codex Alimentarius Commission and OECD, and even U.S. agencies. 78 In addition, the scientific evidence need not to be conclusive regarding 'the reality of the risk and the seriousness of the potential adverse effects were that risk to become a reality' and the results of conducted studies can be imprecise, incomplete or insufficient.
79 So, the CJEU accepts that it is impossible to carry out a full scientific risk assessment when available scientific data are of an 'inadequate nature'. 80 This would suggest the judicial acknowledgment of the scientific uncertainty.
At the same time, however, there is some ambiguity in the applicable logic of reasoning. While it is possible that the evidence outlines the scientific inconclusiveness (and uncertainty), regarding 'the reality of risk and the seriousness of the potential adverse effects were that risk become a reality', it is nevertheless necessary in the CJEU's view that scientific risk assessments provides 'sufficiently reliable and cogent information' on the scientific questions raised and on the facts. 81 The soundness of scientific evidence will also determine the necessity of protection for the proportionality test. So again, the role of science is framed as providing the eventual certainty, and again, the uncertainty is linked to the reality of risk or potential adverse effects. The latter suggest the inability or unwillingness of the CJEU to establish a precise relationship between scientific evidence, uncertainty and risk following a thoughtful concepts of the complex issues in these cases.
Finally, it comes as no surprise in this context that the EU Courts relies mainly on the so-called 'partisan' expert evidence brought in by the parties or other sources of secondary scientific evidence. By doing so it refers to the quality of expertise that had already been employed by other bodies, including the expertise of the EU agencies, and the self-commissioning of the experts' reports remains truly exceptional 82 (although there are clear provisions regulating experts' testimony in the rules of procedures). 83 It allows the CJEU for the reliance on their own experience while assessing the evidence and the legitimation of the EU institutionalised scientific experts (e.g. agencies). 84 In addition, it is a safe exercise because references to the already published and known scientific opinions do not pose a 'danger' of vesting judicial powers in an external, commissioned expert whose evidence could bring an unexpected outcome that would have to be dealt with in the judgment. 85 Scientific uncertainty and the scope of authorities' discretion in the application of the precautionary principle It follows from the above, that scientific uncertainty regarding the existence and extend of alleged risk affects precisely the scope of EU and Member States' discretion to take protective measures on the basis of the precautionary principle. On the one hand, while formulating the requirements for scientific risk assessment and scientific evidence the CJEU seems to be aware of the problem of uncertainty in the complex assessments of facts and it explains: "In a number of cases, the assessment of those factors will demonstrate that there is much uncertainty, in science and in practice, in that regard. Such uncertainty, which is inseparable from the precautionary principle, affects the scope of the Member State's discretion and thus also the manner in which the precautionary principle is applied. 86 " On the other hand, the reasoning of the CJEU on the relation between uncertainty and risk, as explained above, causes further confusion in this context. As a result, it can be truly problematic to determine precisely the discretion of public authorities to apply the precautionary principle. As a consequence, it gives the CJEU the possibility to conduct a more restrictive review of administrative powers, but also to decide in a rather flexible manner when to uphold a given measure or not. Several remarks outlining the difficulties should be added here.
First, the discretion in application of protective measures, in accordance with the precautionary principle as defined by the CJEU, seem to be broader, if it is impossible to carry out a full scientific risk assessment because of inadequacy or incompleteness of available scientific data. 87 Second, the evaluation of scientific evidence and drawing conclusions from this process by public authorities requires a de facto earlier pre-definition of the level of protection which is deemed necessary for the public health and the level of risk (critical probability threshold) which is acceptable for society in a given circumstance of an individual case. Political institutions are to ' 89 Third, when authorities are faced with the level of risk which they found to be unacceptable for the society, in the sense of exceeding their pre-defined critical probability threshold, they are 'bound, by reason of the precautionary principle, to adopt provisional risk management measures necessary to ensure a high level of protection.' 90 The CJEU also held that a safeguard clause gives specific expression to the principle which must, where relevant, constitute an 'integral part of the decisionmaking processes leading to the adoption of any measure for the protection of human health'. 91 As Scott rightly observes, the Court by this statement declared, albeit implicitly, that this principle can impose on Member States positive obligations to act in accordance with the principle in decisionmaking processes. 92 What is more, Member States and EU institutions are also obliged to review the measures taken in a reasonable period in order to see if new elements change the perception of risk, or new scientific evidence justifies the application of less restrictive measures. 93 Then, these aspects can supposedly become a subject of the Court's review.
Finally, the CJEU points out that 'a level of risk deemed unacceptable for society will depend on the assessment made by the competent public authority of the particular circumstances of each individual case'. 94 Under the obligation to examine 'carefully and impartially' of each individual case, this statement brings back the requirements of scientific evidence, scientific risk assessment process, and other procedural guarantees which CJEU envisages for making the decisions in risk regulation cases. All these conditions will again be subject to the review performed by the EU Courts.
The Implications of the Less Deferential Review
The literal (formal) reading of the scope of judicial review as explained in the judgments of the CJEU can prompt the conclusion that EU Courts enjoy a limited power in this respect and that the applicable standard of review is narrowed down to a strict interpretation of normative conditions (legal determinations).
However, a more functional and careful reading of the case-law, especially regarding the EU Courts approach to risk, scientific risk assessment and uncertainty, reveals that this interpretation does not hold entirely true. Paradoxically, as signalled above, through proceduralisation (declaring the scientific risk assessment as a procedural guarantee, proceduralising role of the precautionary principle, elaborating of procedural conditions for decision-making in view of scientific uncertainty) and review of plausibility of evidence, the CJEU reviews indirectly (or sometimes directly) factual determinations (scientific evidence) and political choices (level of risk) of public authorities. Thus, a formally limited standard of judicial review often becomes a de facto more restrictive one. At the same time, engaging in questions of risk, risk assessment and scientific evidence seems to have led the CJEU to the intolerance of uncertainty (a strict scientific discipline imposed on decision-making processes), an extensive reliance on partisan expert opinion and external standards. It can have positive effects of upholding the EU Courts authority internally as well as the convergence with international standards (e.g. in the WTO context), but can bring unreliability regarding the actual outcomes of the CJEU judgments. That is, it is difficult to predict firmly when it upholds and when it rejects the risk management choices of the public authorities at the EU and national level, what can have further implications for individual parties. 95 In addition, the strict scientific discipline which is eagerly followed by the Court makes the involvement of other legitimate factors in the decisionmaking processes on risk and the enforcement of citizen participation in these processes more difficult. 96 The less deferential standard of review in risk regulation has also other implications, both EU internally and in the transnational dimension. First, a legal and institutional framework of the EU and Member States regimes becomes affected. Second, the judicial reasoning of the CJEU has also consequences for its approach to international standards.
Structuring EU Decision-making Processes on Risk
One of the key consequences of the CJEU becoming less deferential is structuring of decision-making processes on risk. It means above all the construction of procedural guarantees (see above). Moreover, the necessity of the consultation with scientific bodies and the integration of scientific risk assessment into decision-making processes determines who participates in a decision, what should be taken into account or how regulatory decision-making is structured.
The procedural duty to undertake scientific risk assessment as defined by EU Courts additionally influences the build-up of public authorities since risk assessment must be delegated to experts, 97 while the determination of the level of risk which is deemed unacceptable for society must be entrusted in 'institutions responsible for the political choice of determining an appropriate level of protection for society'. 98 As a consequence, CJEU also defines the roles of different actors involved in risk analysis. Finally, EU Courts ensure directly and indirectly the reflexivity and revisability of EU law. It is done through the review of national measures based on Art. 114 or safeguard clauses and the CJEU insisting that competent authorities should review within the time both perception of risk and risk assessment, but also the need for measures in question.
Convergence with International Standards, but Intolerance to Uncertainty? Furthermore, the declaration of scientific risk assessment to be a procedural guarantee reinforces the role of scientific expertise in decision-making processes. It also allows the Court to review indirectly the issues of risk and uncertainty in relation to scientific evidence, although its approach reveal a certain degree of intolerance to uncertainty.
Following a strict scientific discipline and upholding international standards by the CJEU can also be perceived as a will to ensure some convergence between the results of the research and expertise endorsed by the EU and other international organisations (e.g. WTO) and bodies. 100 For example, in KYDEP case regarding the maximum radioactive tolerances in foodstuffs the Court referred to opinions of national experts, the recommendations of the International Commission on radiological Protection and to the instructions of the U.S. Food and Drug Administration. 101 The methodology of the Court in the Monsanto case on GM food can also be recalled. In that case, the Court's ruling appeared to shift emphasis from the formal reading of the legalised scientific notions toward a more teleological interpretation in order to uphold the controversial concept of substantial equivalence, which was recognised at the international level.
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To conclude, the analysis of the relevant CJEU case-law in the area of risk regulation reveals that there has been a tendency of the standard of review moving from a deferential to a more restrictive one. While EU Courts still formally declare exercising a 'limited' judicial review, they have de facto developed a less deferential standard of reviewing regulatory measures through, paradoxically, the extensive proceduralisation and review of the plausibility of evidence. It seems that in reality the standard of review as applied here offers more possibilities for the EU Courts to construct the functioning of the internal market, influence national competence, institutional and normative structures as well as play a role in the convergence of international standards through a strong reliance on scientific expertise. At the same time, it is done at the cost of the disparity between a declared and a de facto intensity of review and the certain intolerance of (scientific) uncertainty which both affect the degree of foreseeability of the possible outcomes of individual cases. Where does this trend place EU Courts in the complex field of transnational risk regulation?
On the one hand, EU Courts often refer to the results of international research and scientific evidence, their reasoning is science-based and highly resonates with the wording of the WTO Panel reports. 103 It amplifies the significance of international regulation for the EU system and opens the possibility of convergence of the applicable standards. It indicates not only an appreciation of international developments, but also a will to maintain consistency between the EU rules and transnational standards of review.
On the other hand, the implications of the less deferential standard of review (and the engagement in the evaluation of the intricacy of determinations) pushes the CJEU to a rather defensive position where it can become vulnerable to criticism of its lacking a clear vision of how to deal with the relationship between normative analysis, risk, scientific risk assessment, and knowledge paradoxes. In order to avoid the critical appraisal, EU Courts will soon need to take a clearer stance on the 'nonnormative' aspects of decisions on risk regulation. The clarification of the approach to risk and scientific uncertainty would also help the CJEU to better perform its role as a 'catalyst actor' 104 and to contribute to the improvement in functioning of EU law under the conditions of globalised risks.
